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and 700 µm, respectively. The micro-solenoids were then fabricated using the automated wirebonding process [4, 7] . The particular microresonator reported in this work consists of a micro-solenoid with 13.5 turns, which acts as an inductor connected to the ends of the parallel plate capacitor. The last step of waferscale processing was device encapsulation in SU-8 2150, followed by separating each individual device.
The final footprint of detectors was 2.85 mm 2 , while the inner diameter of the 4 mm MAS rotor is 2.96 mm. A sample filling tool was designed and fabricated using a 3D printer (MiiCraft) as shown in the figure S1
S3. Sample filling and device handling
to assist in filling powders inside MACS inserts. The bottom part of the tool houses the insert and small channel helps to directly funnel the sample inside the MACS chip. The powder is packed tightly into the MACS device with the help of 400 µm diameter drill bits. 
S4. Sensitivity loss due to off-resonance MACS inserts
Due to the limited range of the tuning and matching capacitors in the MAS probe, MACS resonators in the range of 471 to 529 MHz cannot be used for measurements. This is because after the splitting induced by the coupling of MACS detectors with the coil in the MAS probe, the reflection curve cannot be tuned and matched at 500 MHz. The loss in sensitivity due to this limitation is explained from equation S1 [8] . The equation S1 states that any offset (∆ω) between the frequency of the MACS insert and the Larmor frequency of interest (ω L ) would lead to a reduction in the sensitivity gain (E) in the MACS arrangement. S3 for various Q factors at the proton frequency for the current scenario. k c is the critical coupling between the MACS and MAS coils that can be calculated from their respective Q factor values. The Q value of the MAS solenoid is taken to be 200 [6] and coupling k between the MACS and MAS coils is 0.06.
From figure S3 , it is observed that higher the Q of the MACS device, greater the loss in signal enhancement due to inductive coupling. This arises from reduction in bandwidth at higher Q values.
S5. Electrical and thermal characterization
Electrical characterization of the MACS inserts was performed on an RF workbench involving an im- 
S6. Nutation experiments
Nutation experiments were performed using a sample of adamantane at power levels from 5 W to 100 W on the 1 H channel. The π/2-pulse length was noted down for each power level and numbers are depicted with respect to the power level as shown in the figure S5. The observed deviation at shorter π/2 pulse lengths is due to the shape of the excitation pulse. As the pulse lengths gets shorter, the rise time and fall time (approx. 75 µs each) are in the same order of magnitude as the pulse length itself. The pulse lengths
were measured with the help of an oscilloscope. RF nutation frequencies upto 500 kHz was achieved at a power of 100 W on the 1 H channel of the amplifier. However, a few (2 out of 10 tested) MACS devices experienced failure at higher power levels (≥50 W). The failure is attributed to the breakdown of the SU-8 dielectric between the capacitor plates as result of defects during the fabrication process. 
S7. COSY experiment calibration

S8. Cross Polarization calibration for HMQC experiments
Experiments were performed on 2-13 C-labeled glycine sample (Sigma Aldrich). NMR signals were acquired on a Bruker Avance III 500 MHz spectrometer equipped with a 4 mm MAS probehead as shown in figure S7 . The 1 H-13 C decoupling during acquisition was achieved using the WALTZ decoupling scheme with an RF pulse of 100 kHz.
S9. Background signal from SU-8
The background signal that was observed from a blank rotor and SU-8 epoxy which is a constituent part of the MACS device is determined.
A broad peak was observed from SU-8 epoxy between 7-10 ppm as shown in the figure S8. An additional peak was observed in NMR spectrum of the blank rotor which was not present in the spectrum of the rotor with SU-8. This peak is attributed as a ringing artifact from the high Q MAS probe coil which has been isolated as shown in the figure S8b. 
